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Summary. Ten D e v o n  cattle f rom a single proper ty  
were affected with blindness f rom 14 mon ths  o f  age. 
Severe retinal degenerat ion progressing to a t rophy  
was associated with widespread intracellular accumu-  
lation o f  p igment  in the retinal gangl ion cells, central  
nervous system and ma jo r  organs.  The p igment  was 
consistent  with ceroid-lipofuscin granules on histo- 
logical, histochemical  and ul t ras t ructural  examina- 
tion. A l though  a familial relationship existed between 
affected individuals, a pat tern  o f  inheritance could no t  
be established by examinat ion  o f  available breeding 
records. The disease is compared  to similar disorders 
reported in man  and other  species. 
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Lipofuscin granules are derived f rom lysosomes and 
other  intracellular organelles, and are composed  of  
an autof luorescent  p igment  and an associated lipid 
c o m p o n e n t  tha t  present as l ipopigment  complexes 
under  electron mic roscopy  [3]. Neurones  o f  the central  
nervous system accumulate  lipofuscin t h roughou t  life, 
however  in certain disorders k n o w n  as the ceroid- 
lipofuscinoses, there is excessive intracellular accumu-  
lation o f  fluorescent granules o f  l ipofuscin or  its vari- 
ant  ceroid, resulting in loss o f  funct ional  neurocyto-  
plasm [19]. These diseases have been described in m a n  
(Batten disease) [20], South  Hampsh i re  sheep [21], 
Siamese cats [10] and  m a n y  breeds o f  dogs, including 
English setters [18], Ch ihuahuas  [24], Cocker  spaniels 
[11, 22], Dachshunds  [5, 27], Salukis [1], Da lmat ions  
[9], a Blue Heeler [41, a cross-bred terrier [14], and in 
Border  Collies [26]. 
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Blindness is an impor tan t  feature o f  the disease in 
man,  sheep [2] and some breeds o f  dogs. This paper  
records the occurrence o f  blindness in Devon  cattle 
due to retinal a t rophy  associated with widespread and 
severe neuronal  and some visceral accumula t ion  o f  
ceroid-lipofuscin. 

Clinical findings 

Seven Devon cows and three steers were detected with blindness 
over a 10-year period on a property in the southern tablelands 
region of New South Wales, Australia. 

Clinical signs were observed from 14 months of age. Affected 
animals collided with obstacles, and tended to walk or trot in a 
circle when disturbed, frequently with a mild head tilt. They 
maintained good condition except in periods of shortage of 
pasture feed, when they became weak and demonstrated a par- 
etic gait. Most eventually died from misadventure within 2 years 
of the onset of blindness. Indirect opthalmoscopic examination 
of two cows demonstrated increasingly severe retinal degenera- 
tion with age, with decreased reflectivity of the tapetum, optic 
disk pallor and depigmentation of the non-tapetum. 

Gross findings 
Five affected cows and one steer were examined in detail. The 
animals were slaughtered, a necropsy performed, and specimens 
from many organs including the brain, spinal cord and optic 
nerves were prepared routinely for microscopic and ultra- 
structural examination. At post-mortem, the brain of one cow 
appeared slightly smaller than normal. A yellow-brown dis- 
colouration of the cerebrocortical grey matter was noted in this 
cow and similar discolouration was present to a lesser extent in 
the white matter of the brain, the renal pelvis and the serosa of 
the upper small intestine. 

Histological findings 
On microscopic examination, the eyes of all the affected animals 
exhibited severe retinal atrophy characteriscd by complete loss 
of the layer of rods and cones, and loss of the outer limiting 
membrane (Fig. 1). Degeneration of the outer nuclear layer, 
inner nuclear layer, inner plexiform layer, and nerve fiber layer 
was present, with some loss of the ganglion cells. Most of the 
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Fig. 1. Retina. Atrophy of the layer of rods and cones and 
accumulation of granules in the cytoplasm of a retained ganglion 
cell. Luxol fast blue-PAS; x 328 

ules, the nucleus was peripherally located and the cytoplasm 
contained an almost confluent perinuclear halo of coalescing 
granular material. The granules were not observed to extend 
beyond the axon hillock of CNS neurones. The granules stained 
light brown to red with H&E, magenta with PAS, bright blue 
with luxol fast blue (LFB) and were acid-fast. A brilliant yellow- 
green autofluorescence was observed in the cytoplasm of cells 
containing granules when compared to control tissues (Fig. 2). 
In toluidine blue sections, many granules appeared to be hollow 
spheres. 

Within the CNS, there was mild loss of laminar neurones in 
some regions of the cerebral cortex. Intracytoplasmic granule 
accumulation was evident in many of the retained neurones and 
occasional glial cells. In the cerebellum, the purkinje cells and 
some cells of the molecular layer were distended by granular 
aggregates, and in some foliae there was degeneration and loss 
of purkinje cells and mild depletion of cells from the granular 
cell layer. Occasional eosinophilic axonal swellings (spheroids) 
were present in the cerebellar white matter tracts with more 
numerous axonal swellings present adjacent to large granule- 
affected neurones of the cerebellar roof nuclei, mid-brain and 
brain stem nuclei. Areas of more severe axonal degeneration 
were frequently accompanied by mild gliosis. In the spinal cord, 
prominent intraeytoplasmic granule accumulation was present 
in neurones, particularly of the ventral horn grey matter. Few 
axonal swellings were noted in the spinal cord, however oc- 
casional axons appeared to be undergoing Wallerian-type de- 
generation in the lateral and ventral white matter funiculi. Mild 
to moderate granule accumulation was present in neurones of 
the dorsal root and gasserian ganglia, however no lesions were 
observed in the axons of the peripheral nerves or in the skeletal 
muscle. 

In all affected animals there was mild to moderate accumu- 
lation of brownish intraeytoplasmic granules, similar to those in 
neurones in the renal cortical tubular epithelium. In the liver, 
granule accumulation occurred in some hepatocytes, which ap- 
peared swollen and of increased eosinophilia, particularly sur- 
rounding central veins. In addition there was prominent accumu- 
lation of granules in histiocytic cells of the lymph nodes, involv- 
ing the medullary sinuses and lymphoid follicles. Several lymph- 
oid follicles contained necrotic cells forming central areas of 
mineralisation in one animal. Histiocytic cells containing gran- 
ules were also present in the spleen and were readily distinguished 
from those distended with haemosiderin. 

Fig. 2. Cerebellum. Fluorescent pigment in purkinje cell cyto- 
plasm. Unstained paraffin section, x 164 

retained ganglion cells were distended by prominent aggregates 
of granular cytoplasmic inclusions. No lesions were apparent in 
the optic nerves or retinal pigment epithelium. 

Intracytoplasmic accumulation of granules was noted in 
many areas of the body, particularly in the central nervous 
system (CNS). The granules were irregularly shaped to spherical. 
Considerable variation was observed in their number between 
affected cells, however most aggregates contained in excess of 10 
separately identifiable granules. In cells containing less storage 
material, the granules were mostly grouped together at the pe- 
riphery of the cytoplasm. However in cells with abundant gran- 

Ultrastructural findings 
Ultrastructural examination revealed many membrane-bound 
cytosomes present in neurones and in retinal ganglion cells. The 
cytosomes consisted of pockets of curvilinear bodies (Fig. 3), 
or multimembranous structures arranged in irregular whorling 
configurations or as laminated stacks of membranes (Fig. 4). 
Frequent zebra pattern and occasional fingerprint-type cyto- 
somes were observed (Fig. 5) and many were vacuolated. The 
surrounding cytoplasmic organelles were vesicular, and many 
mitochondria appeared enlarged, containing disoriented cristae. 

Analysis of the available breeding records determined that 
all ten affected animals were the progeny of three related bulls. 
Two of the bulls were the grandson (H) and great-grandson (B) 
of a bull originally imported from the UK, and the third bull 
(P) was a grandson of bull B. However, despite the familial 
occurrence, it was not possible to define the mode of inheritance 
of the disease from the available records. 

Using methods described [13], the activities of the following 
10 lysosomal enzymes in granulocytes and lymphocytes from 
two affected animals were determined and found to be within 
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the range for normal cows: alpha mannosidase, hexosaminidase, 
arylsulfatase, alpha fucosidase, acid phosphatase, galactosami- 
nidase, beta glucuronidase, alpha glucosidase, alpha galactosi- 
dase and beta galactosidase. 

Fig. 3. Retina. Retained ganglion containing pleiomorphic 
membrane bound cytosomes, including curvilinear bodies, lami- 
nated membranous profiles and swollen mitochondria; x 13,432 

Discussion 

The histological and ultrastructural findings in this 
study are consistent with the animals being affected 
with neurovisceral ceroid-lipofuscinosis. Affected ani- 
mals presented with overt blindness associated with 
retinal atrophy and cerebral pathology. The severe 
CNS neuronal accumulation of the granules and the 
presence of similar storage product in splenic and 
lymphoid histiocytes, renal tubular epithelium and 
hepatocytes, indicates the lesion is probably a general- 
ised enzymic failure of metabolism resulting in sys- 
temic accumulation of membranous lipopigment. 

The retinal atrophy in the Devon cattle described 
is associated with the accumulation of material resem- 
bling ceroid-lipofuscin granules in the preserved 
ganglion cells. The relationship between the accumu- 
lating material and the severe retinal degeneration is 
unclear. The relative retention of the ganglion cells 
may explain the apparently normal appearance of the 
optic nerves. In addition it is not known whether the 
onset of clinical blindness was due to the retinopathy, 
or to the atrophy of the optic cortex, or to concurrent 
lesions at both sides. In sheep it has been suggested 
that the central optic lesions precede the retinal 
changes [21]. 

A number of lysosomal enzyme deficiencies have 
been recorded in cattle, including alpha-mannosidosis 

Fig. 4. Retina. Membrane-bound 
cytosomes containing tightly packed curvi- 
linear bodies; x 29,200 
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Fig. 5. Retina. Membrane-bound 
cytosome consisting of laminated stacks of 
membranes in a fingerprint pattern; 
x 92,000 

in Angus and Murray Greys [16], generalised type II 
of glycogenosis in Shorthorn and Brahmans [8, 23], 
and GMI gangliosidosis in Friesian cattle [6]. In ad- 
dition a disease described as neuronal lipodystrophy 
has been recorded in an inbred beefmaster bull [25] 
and an unidentified storage disease has been recorded 
in Hereford cattle [12]. These diseases are mostly iden- 
tified clinically by progressive neuromuscular weak- 
ness and failure to thrive, and are readily distinguish- 
able pathologically, despite their common morpho- 
logical lesion of intracytoplasmic accumulation of 
storage material in the CNS or muscle. Ceroid- 
lipofuscinosis is Devons most closely resembles the 
disease recorded in the beefmaster bull [25], which was 
characterised by clinical blindness, and microscopic 
accumulation of lipid storage material that could have 
been ceroid-lipofuscin pigment. 

Insufficient breeding information was available to 
draw conclusions regarding a mode of inheritance for 
this disorder in Devons. However, the apparent con- 
finement of the disease to a single stud, and to progeny 
of three related sires used over many years would 
support the hypothesis that the disease is inherited. 
The ceroid-lipofuscinoses of man and sheep are in- 
herited in an autosomal recessive manner [17]. The 
possibility of an undisclosed environmental toxic 
factor producing a failure of a specific lysosomal en- 
zyme function, as recorded with interference in alpha- 
mannosidase activity in Swainsona species [7], was 

considered unlikely. Grazing of the plant Trachyandra 
divaricata (branched onion weed) has been associated 
with induced neuronal lipofuscinosis in sheep and 
horses in Western Australia [J5], however this plant 
was not observed on the affected property. 

The molecular pathogenesis of ceroid-lipo- 
fuscinosis is unknown. It has been determined that the 
fluorescent material in the form of curvilinear bodies 
in late infantile Batten's disease is a retinoyl complex, 
possibly derived from vitamin A [28]. A mitochondrial 
enzyme defect resulting in mitochondrial degener- 
ation, with the mitochondrial membranes taken up by 
the lysosomes to form the lipofuscin granules has been 
suggested [2]. More recently it has been suggested that 
ceroid-lipofuscin complexes represent specific precur- 
sors rather than products of non-specific peroxidation 
mechanisms, and are derived from lysosomal and 
other intracellular organelles due to specific thiot 
endoprotease defects involved in normal organellar 
membrane recycling and exocytosis [29]. 

Until the biochemical pathogenetic mechanisms 
leading to the accumulation of the lipopigment storage 
material are resolved, the now numerous animal 
models of the ceroid-lipofuscinoses are likely to make 
valuable comparative contributions to the under- 
standing of this group of disorders. Blindness in 
Devon cattle with retinal atrophy would appear to be 
a further interesting animal model of the neurovisceral 
ceroid-lipofuscinoses. 



636 P.A.W.  Harper et al.: Neurovisceral ceroid-lipofuscinosis in cattle 

Acknowledgements. We gratefully acknowledge the assistance of 
Drs. J. Glastonbury and S. King in obtaining some of the material 
and Ms.'s D. Debono, J. Dennis, L. Romalis and Mr. S. Wilson 
of the Veterinary Laboratories at Glenfield for their technical 
support. 

References 

1. Appleby EC, Longstaff JA, Bell FR (1982) Ceroid- 
lipofuscinosis in two Satuki dogs. J Comp Pathol 92:375-  
38O 

2. Armstrong D, Koppang N, Jolly RD (1980) Ceroid- 
lipofuscinosis. Comp Pathol Bull 2 1 : 2 - 4  

3. Boellaard JW, Schlote W (1986) Ultrastructural heteroge- 
neity of neuronal lipofuscin in the normal human cerebral 
cortex. Acta Neuropathol (Bed) 71 : 285 - 294 

4. Cho DY, Leipold HW, Rudolph R (1986) Neuronal 
ceroidosis (ceroid-lipofuscinosis) in a Blue Heeler dog. Acta 
Neuropathol (Bed) 69:161 - 164 

5. Cummings JF, De Lahunta A (1977) An adult case of canine 
neuronal ceroid-lipofuscinosis. Acta Neuropathol (Bed) 
39:43-51 

6. Donnelly WJC, Sheahan BJ, Rogers TA (1973) GMI 
gangliosidosis in Friesian calves. J Pathol 111 : 173-179 

7. Dorling PR, Huxtable CR, Vogel P (1978) Lysosomal stor- 
age in Swainsona spp. toxicosis: an induced mannosidosis. 
Neuropathol Appl Neurobiol 4: 285-  295 

8. Edwards JR, Richards RB (1979) Bovine generalised glyco- 
genesis type II: a clinico-pathological study. Br Vet J 
135:338-348 

9. Goebel HH, Dahme E (1985) Retinal ultrastructure of 
neuronal ceroid-lipofuscinosis in the Dalmation dog. Acta 
Neuropathol (Berl) 68:224-229 

10. Green PD, Little PB (1974) Neuronal ceroid-lipofuscin 
storage in Siamese cats. Can J Comp Med 38:207-212 

11. Hanichen T, Puschner H (1971) Generalised lipofuscinosis 
with neural complications in a dog. Vet Med Rev 171:27- 
39 

12. Hartley WJ, Webb RF (1982) A suspected new storage dis- 
ease in cattle. Vet Pathol 19:616- 622 

13. Healy PJ (1982) Lysosomal hydrolase activity in leucocytes 
from cattle, sheep, goats, horses and pigs. Res Vet Sci 
33 : 275-  279 

14. Hoover DM, Little PB, Cole WD (1984) Neuronal ceroid- 
lipofuscinosis in a mature dog. Vet Pathol 21:359-361 

15. Huxtable CR, Chapman HM, Main DC, Vass D, Pearse 
BHG, Hilbert BJ (1987) Neurological disease and 
lipofuscinosis in horses and sheep grazing Trachyandra 
divaricata (branched onion weed) in South Western 
Australia. Aust Vet J 64:105-108 

16. Jolly RD, Hartley WJ (1977) Storage diseases of domestic 
animals. Aust Vet J 53 : 1 - 8 

17. Jolly RD, Janmaat A, West DM, Morrison I (1980) Ovine 
ceroid-lipofuscinosis: a model of Batten's disease. Neuro- 
pathol Appl Neurobiol 6:195-- 209 

18. Koppang N (1970) Neuronal ceroid-lipofuseinosis in 
English setters. J Small Anim Pract 10:639-644 

19. Koppang N (1974) Canine ceroid-lipofuscinosis. A model 
for human neuronal ceroid-lipofuscinosis and aging. Mech 
Aging Dev 2:421-445 

20. Lake BO (1984) Lysosomal enzyme deficiencies. In: Adams 
JH, Corsellis JA, Duchen LW (eds) Greenfield's neuropath- 
ology, 4th edn. Edward Arnold, London, pp 503-  513 

21. Mayhew IG, Jolly RD, Pickett BT, Slack PM (1985) Ceroid- 
lipofuscinosis (Batten's disease): pathogenesis of blindness 
in the ovine model Neuropathol Appl Neurobiol 11 : 273 - 
290 

22. Nimmo Wilkie JS, Hudson EB (1982) Neuronal and general- 
ised ceroid-lipofuscinosis in a Cocker spaniel. Vet Pathol 
19: 623 - 628 

23. O'Sullivan B, Healy PJ, Fraser IR, Neiper RE, Whittle 
AJ, Sewell CA (1981) Generalised glycogenesis in Brahman 
cattle. Aust Vet J 57:227--229 

24. Rac R, Giesecke PR (1975) Lysosomal storage disease in 
Chihuahuas. Aust Vet J 51:403-404 

25. Read WK, Bridges CH (1968) Neuronal lipodystrophy. Oc- 
currence in an inbred strain of cattle. Pathol Vet 6 :235-  
243 

26. Taylor R, Farrow BRH (1988) Ceroid-lipofuscinosis in Bor- 
der Collie dogs. Acta Neuropathol (Bed) 75: 627-  631 

27. Vandevelde M, Fatzer R (1980) Neuronal ceroid-lipofus- 
cinosis in older dachshunds. Vet Pathol 17:686-692 

28. Wolfe LS, Ng Ying Kin NMK, Baker RR, Carpenter S, 
Anderman F (1976) Identification of retinoyl complexes as 
the autofluorescent component of neuronal storage material 
in Batten Disease. Science 195:1360-1362 

29. Wolfe LS, Ivy GO, Witkop CJ (1987) Dolichols, lysosomal 
membrane turnover and relationships to the accumulation 
of ceroid and lipofuscin in inherited diseases, Alzheimer's 
disease and aging. Chem Scr 27:79-84 

Received May 15, 1987/Revised July 15, 1987/ 
Accepted November 18, 1987 


